The proximate, minerals, vitamins, amino acid, alkaloids, phytosterols, carotenoids, glycosides and saponins profiles of the leaves and stems of Pandiaka heudelotii were determined using standard methods. The leaves and stems had high contents (g/100g) of fibre (10.3e12.9) and carbohydrate (47.2e55.3); and moderate protein (4.4e9.8) and crude fat (6.7e10.2); respectively, equivalent to 41.1e51.6%, 15.7e17.8%, 8.8e19.6%, 10.3e15.7% of the corresponding daily values. They had high contents of iron, manganese, calcium, magnesium, potassium, selenium, vitamins C, E and B2, alkaloids, glycosides, carotenoids, saponins; and moderate phytosterol. Their proteins had high contents of essential amino acids (42.6e48.5%). Triacetonamine (57.20e60.13%), nicotiflorin (53.45e55.35%), carotene (49.95e51.94%), liquiritin (57.54e62.34%), and sitosterol (82.84e85.03%) were respectively, the most abundant alkaloids, glycosides, carotenoids, saponins and phytosterols detected. This result indicates that the leaves and stems are good sources of nutraceuticals and nutrients for human nutrition. It provides an insight into the nature of its bioactive components.
Introduction
Vegetables enrich and diversify the human diet. They are rich sources of fibre, mineral nutrients, vitamins, bioactive phytochemicals, and other compounds that support human health and nutrition (Radovich, 2011; Sinha et al., 2011) . One of such vegetables that can be used as a source of nutrient and nutraceuticals is Pandiaka heudelotii. Pandiaka heudelotii is a wild vegetable, which belongs to the Amaranthaceae family (Ifeanacho et al., 2017) . In southern Nigeria, the leaves of this plant are used as vegetables and boiled for tea (Ifeanacho et al., 2017) . They are also used for the treatment of malaria.
Earlier, Ifeanacho et al. (2017) reported the profile of phenolic compounds in the leaves and stems of Pandiaka heudelotii. They reported that the leaves and stems had high contents of flavonoids and benzoic acid derivatives, and moderate contents of lignans and hydroxycinnamates. Presently, there is no information in the biochemical literature regarding the nutrients, allicins, alkaloids, phytosterols, carotenoids, glycosides and saponins compositions of the leaves and stems of this wild vegetable. Therefore, this study investigated the composition of these compounds in the leaves and stems of Pandiaka heudelotii with a view to providing information on their potential as sources of nutrients and nutraceuticals. The pharmacological significance of these bioactive constituents is also discussed herein.
Materials and methods

Collection of samples
Fresh samples of Pandiaka heudelotii were collected from within the Abuja Campus of University of Port Harcourt, Port Harcourt, Nigeria. They were identified and prepared as earlier reported by Ifeanacho et al. (2017) . Method 2001 .11 (AOAC International, 2006 . Crude fat was determined according to AOAC Official Method 920.39 (AOAC International, 2006) . The determination of the fibre content was based on AOAC Official Method 973.18 (AOAC International, 2006) . Carbohydrate content was determined by difference (i.e. by subtracting the sum of all the other components from 100 g). Metabolizable energy value was calculated with Atwater factors 4, 9 and 4 for protein, fat and carbohydrate respectively (Ikewuchi et al., 2009 ).
Determination of mineral elements and phosphorus composition
Analysis of the mineral elements was carried out according to FAO fertilizer and plant nutrition bulletin 19 (Motsara and Roy, 2008) . The samples were ashed and digested with nitric acid, before being analyzed with an atomic absorption spectrophotometer. Phosphorus was determined spectrophotometrically by the vanadium molybdate method (Motsara and Roy, 2008) . The phosphorus content of the samples was converted to orthophosphates by digestion with a mixture of HNO 3 and HClO 4 ; and the resultant orthophosphates was made to react with molybdate and vanadate in Vanadomolybdate Reagent, to form a yellowcoloured vanadomolybdophosphoric complex whose intensity (which is directly proportional to the concentration of phosphorus present in the sample) was read at 420 nm in a spectrophotometer.
Determination of vitamin profile
The vitamin content was extracted by a combination of the methods of Association of Official Analytical Chemists (AOAC) Method 992. 03, 992.04 and 992.26 (AOAC International, 2006) . Chromatographic analysis was performed with an HP 6890 (Hewlett Packard, Wilmington, DE, USA) Series gas chromatograph equipped with a pulse flame photometric detector and a 30 m Â 0.25 mm i.d. column coated with a 0.25 mm film of DB-5MS, and powered with HP ChemStation Rev. A09.01[1206] Software. Split injection (split ratio 20:1) was performed, with nitrogen as carrier gas at a flow rate of 1.0 m/s. The column temperature was maintained at 50 C for 2 min after injection, and then ramped at 10 C/ min for 20 min, followed by another ramping at 15 C/min for 4 min. The injection port and detector temperatures were 250 and 320 C respectively. The hydrogen and compressed air pressures were 137.90 and 262.00 kPa. Calculations were based on analysis of standard mixtures and calculation of individual correction coefficients.
Determination of per cent daily value (%DV)
Per cent daily values (%DV) were determined by comparison to the appropriate daily values (Food and Drug Administration, 2013) . It was calculated using the following formula.
Percent daily value ð%Þ ¼ weight of the particular nutrient in 100 g of sample daily value Â 100
Determination of amino acid profile
The extraction of the amino acids was carried out according to AOAC Method 982.30 (AOAC International, 2006) . The sample was dried to a constant weight, defatted, hydrolysed, and concentrated to 1.0 mL. The concentrated hyrolysate was derivatised before being subjected to gas chromatography analysis on an HP 6890 (Hewlett Packard, Wilmington, DE, USA) Series gas chromatograph equipped with a pulse flame photometric detector and a 30 m Â 0.25 mm i.d. column coated with a 0.25 mm film of HP-5 and powered with HP ChemStation Rev. A09.01[1206] Software. A split injection was adopted at a split ratio of 20:1. The carrier gas used was hydrogen at a flow rate of 1.0 mL/min. The inlet and detector temperatures were 250 and 320 C. The column and compressed air pressures were respectively 137.90 and 241.32 kPa. The oven was programmed initially at 60 C, ramped at 8 C/min for 20 min, maintained for 2 min and then ramp again at 12 C/min for 6 min, before maintaining for 2 min.
2.2.6. Determination of digestible indispensable amino acid (DIAA) reference ratio and DIAA score
The digestible indispensable amino acid (DIAA) reference ratio for each indispensable amino acid (IAA) in the test proteins were determined by comparing their amino acid composition as obtained in this study, with WHO reference protein patterns (FAO, 2013) , according to the following equation.
Digestible IAA reference ratio ¼ mg of a digestible indispensableamino acid in 1 g protein of the sample mg of same digestible indispensable amino acid in 1 g of reference protein
The digestible IAA score (DIAAS) was determined by expressing the lowest DIAA reference ratio as a percentage (FAO, 2013) ; while the limiting amino acid was taken as the DIAA with the least DIAA ratio. 
Determination of alkaloids composition
The extraction of the alkaloids was carried out according to Ngounou et al. (2005) .
The resultant extract was subjected to gas chromatography on a DB-5MS column capillary of dimensions: 30 m Â 0.25 mm ID Â 0.25 mm film thickness. The inlet and detection temperatures were 250 and 320 C. The equipment was run on split injection (20:1 split ratio), using nitrogen as carrier gas. The hydrogen and compressed air pressures were 193.05 and 262.00 kPa respectively. The oven temperature was run initially at 60 C for 5 min, ramped at 10 C/min for 20 min, and ramped again at 15 C/min for 4 min.
Determination of saponins composition
The extraction of the saponins was carried out according Guo et al. (2009) . The resultant extract was subjected to gas chromatography on a DB-225MS column capillary of dimensions: 30 m Â 0.25 mm ID Â 0.25 mm film thickness. The inlet and detection temperatures were 250 and 320 C. The equipment was run on split injection (20:1 split ratio) using nitrogen as carrier gas. The hydrogen and compressed air pressures were 193.05 and 275.79 kPa respectively. The oven temperature was run initially at 60 C for 5 min, ramped at 12 C/min for 18 min, and ramped again at 15 C/min for 5 min.
Determination of allicins composition
The allicins were extracted in accordance with Chehregani et al. (2007) . The resultant extract was subjected to gas chromatography on an OV-101 column capillary of dimensions: 30 m Â 0.30 mm ID Â 0.25 mm film thickness. The injection and detection temperatures were 250 and 320 C. The equipment was run on split injection 
Determination of carotenoids composition
The extraction of the carotenoids was carried out according to Takagi (1985) . The resultant extract was subjected to gas chromatography on an AC-5 column capillary of dimensions: 30 m Â 0.25 mm ID Â 0.25 mm film thickness. Inlet and detection temperatures were 250 and 320 C. The equipment was run on split injection (20:1 split ratio), with nitrogen as carrier gas. Hydrogen and compressed air pressures were 206.8 and 275.8 kPa respectively. Oven temperature was run initially at 60 C, ramped at 10 C/min for 20 min, maintained for 2 min; ramped again at 15 C/ min for 4 min and maintained for 4 min.
Determination of glycosides composition
The glycosides were extracted in accordance with Oluwaniyi and Ibiyemi (2007) .
The resultant extract was subjected to gas chromatography on an AC-5 column capillary of dimensions: 30 m Â 0.25 mm ID Â 0.25 mm film thickness. The inlet and detection temperatures were 250 and 320 C. The equipment was run on split injection (20:1 split ratio) using nitrogen as carrier gas. The hydrogen and compressed air pressures were 193.05 and 275.79 kPa respectively. The oven temperature was run initially at 70 C for 5 min, and ramped at 12 C/min for 20 min.
Derivation of compositions per dry weight from the composition per wet weight
Compositions per dry weight of the parameters were derived from compositions per wet weight and vice versa, using the following formula (Ikewuchi et al., 2015) .
Composition per dry weight ð%Þ ¼ Composition per wet weight ð%Þ Â 100 Dry matter content ð%Þ
Statistical analysis
Means and standard deviations were calculated for three determinations. Means of the nutrient components were tested with student t-test and significance accepted at p < 0.05 probability levels. Table 1 shows the proximate composition and nutrient potential of the stems and leaves of Pandiaka heudelotii. The leaves had higher moisture (p < 0.0010), crude fat (p < 0.0152), and crude protein (p < 0.0005) contents and caloric value (p < 0.0234) than the stems, while the stems had higher carbohydrate (p < 0.0018), ash (p < 0.1111) and crude fibre (p < 0.0157) contents. They had moderate moisture levels, above which, the moisture would have been undesirable for their quality, since high moisture content increases water activity and the probability of microbial growth (Farah, 2012) . Their protein and caloric contents were higher than those of cabbage, lettuce (green and red), amaranth leaves (U.S. Department of Agriculture, 2016a,b,c,d) and Tridax procumbens (Ikewuchi et al., 2009 ). Drying improved their protein content, therefore making the dried leaves a protein source with a protein content of 11% which is greater than the 10% cut-off (FAO, 2013) . The ash, crude fat and total carbohydrate contents of the leaves of P. heudelotii were higher than those of Cnidoscolus aurifolia (Udo and Udo, 2016) , cabbage, lettuce (green and red), amaranth leaves (U.S. Department of Agriculture, 2016a,b,c,d) and T. procumbens (Ikewuchi et al., 2009) . The leaves had comparable fibre content to C. aurifolia (Udo and Udo, 2016) . However, they had higher fibre than cabbage, green and red lettuce (U.S. Department of Agriculture, 2016a,b,c) and T. procumbens (Ikewuchi et al., 2009 ). According to Farah (2012) , a high intake of dietary fibre has been positively associated with several beneficial physiologic and metabolic effects like lowering blood cholesterol and modulating the blood glucose and insulin responses. The leaves and stems of P. heudelotii had high contents of vitamins C, E and B2, although, the leaves had higher contents of these vitamins (Table 2) . They had higher vitamin C than cabbage, lettuce (green and red), amaranth leaves (Venskutonis and Kraujalis, 2013 ; U.S. Department of Agriculture, 2016a,b,c,d) and T. procumbens (Ikewuchi and Ikewuchi, 2009a) . They also had higher vitamin B2 than cabbage, lettuce (green and red), amaranth leaves (U.S. Department of Agriculture, 2016a,b,c,d) and T. procumbens (Ikewuchi and Ikewuchi, 2009a) ; but lower contents than amaranth seeds (Venskutonis and Kraujalis, 2013) . The leaves had higher vitamin B3 than cabbage, green and red lettuce (U.S. Department of Agriculture, 2016a,b,c) and T. procumbens (Ikewuchi and Ikewuchi, 2009a) ; but lower contents than amaranth leaves and seeds (Venskutonis and Kraujalis, 2013 for vitamin E, and 16.7%e18.9% of daily value for vitamin B2. That of the stem is equivalent to 104.6%e113.9% of daily value for vitamin C, 200.1%e218.0% of daily value for vitamin E, and 11.3%e12.3% of daily value for vitamin B2.
Results and discussion
The leaves and stems had high contents of calcium, iron, magnesium, manganese, potassium and selenium (Table 3 ). The leaves had higher copper (p < 0.021), phosphorus (p < 0.019), selenium (p < 0.028), sodium (p < 0.010) and zinc (p < 0.014); and lower calcium (p < 0.016), iron (p < 0.031), magnesium (p < 0.012), manganese (p < 0.029) and potassium (p < 0.005) contents than the stems. They both had higher manganese and phosphorus than lettuce (green and red), cabbage and amaranth leaves (U.S. Department of Agriculture, 2016a,b,c,d). They had higher calcium, magnesium and potassium than C. aurifolia leaves, cabbage, lettuce (green and red), amaranth leaves (Udo and Udo, 2016; U.S. Department of Agriculture, 2016a,b,c,d) and T. procumbens (Ikewuchi and Ikewuchi, 2009b) . According to Kilgour (1985) , to avoid hypertension from food sources, the ratio of sodium to potassium should be 1.67. This study showed that the leaves and stems of P. heudelotii had low sodium to potassium ratios, and so may be very safe for consumption by hypertensive individuals. In addition, they had high calcium to phosphorus ratios.
High dietary calcium/phosphorus ratio might have a positive influence on bone mass (Lee et al., 2014) . It allows for strong bone development because absorption of calcium under this condition would be maximal (Koshihara et al., 2005) . According to Korkmaz et al. (2013) , magnesium (a calcium channel blocker) is involved in many metabolic processes, like maintenance of cell membrane function, modulation of smooth muscle contraction and enzymatic activities. Studies have shown that magnesium is a neuroprotective agent; increases blood flow to tissues; plays a vital role in development and function of the eye; and in diabetic patients, decreases insulin resistance, enhances glycaemic control and prevents diabetic retinopathy (Korkmaz et al., 2013) .
They also had higher iron and zinc contents than cabbage, lettuce (green and red), amaranth leaves (U.S. Department of Agriculture, 2016a,b,c,d) and T. procumbens (Ikewuchi and Ikewuchi, 2009b ), but however, had lower contents than C. aurifolia leaves (Udo and Udo, 2016) . They had higher selenium than cabbage and green lettuce (U.S. Department of Agriculture, 2016a,b); but only those of the leaves were higher than amaranth leaves (U.S. Department of Agriculture, 2016d). They however had lower selenium than red lettuce (U.S. Department of Agriculture, 2016c).
Their copper were higher than those of cabbage, green and red lettuce (U.S. Department of Agriculture, 2016a,b,c); while only those of the leaves were higher than amaranth leaves (U.S. Department of Agriculture, 2016d). Comparison to relevant daily values (Food and Drug Administration, 2013) , shows that a 100 g is equivalent to 234.8e265.9% (leaves) and 275.9e300.6% (stems) daily value for manganese; 1714.3e1941.4% (leaves) and 1142.9e1244.9% (stems) daily value for selenium; 341.3e386.5% (leaves) and 392.1e427.1% (stems) daily value for calcium; 460.5e521.5% (leaves) and 544.2e592.8% (stems) daily value for magnesium; 36.0e40.8% (leaves) and 45.4e49.5% (stems) daily value for iron; and 26.3e29.8% (leaves) and 38.9e42.4% (stems) daily value for potassium. Amino acid profile, and DIAA reference ratios of the leaf and stem proteins are given in Tables 4 and 5 . They are rich in essential amino acids, 48.5% for leaves and 42.6% for stems [especially isoleucine (in leaves and stems), aromatic amino acids (leaves), threonine (leaves and stems), leucine (leaves) and histidine (leaves)] and can meet the daily requirements (FAO, 2013) for essential amino acids (except leucine, in the case of the stem protein), for children (!6 months), adolescents and adults.
Compared to WHO reference protein patterns for infant ( 6 months), child (6 monthse3 years), older child, adolescent, adult (FAO, 2013) , the DIAAS of the leaf protein were 47.6, 57.6 and 68.4 respectively, with lysine as limiting amino acid. Those of the stem protein were 23.9, 34.7 and 37.6, with leucine as limiting amino acid. Every 100 g of these proteins contained 32.0 g (for leaves) and 23.9 g (for stems) of essential amino acids; 1.9 g (for leaves) and 1.5 g (stems) of sulphur-containing amino acids; and 6.5 g (leaves) and 4.0 g (stems) of aromatic amino acids (Table 4 ). The leaf protein can be used for supplementation of isoleucine, aromatic amino acids and threonine in diets of children (!6 months), adolescents and adults, and histidine and leucine in older children, adolescent and adults; while the stems can be used for isoleucine and threonine in children (!6 months), adolescents and adults.
Compared to child (6 monthse3 years) requirement protein pattern (FAO, 2013) , the leaf protein has a digestible indispensable amino acid score, comparable to cooked peas, cooked kidney beans, cooked rice, cooked rolled oats; and higher digestible indispensable amino acid score than wheat bran, roasted peanuts, and rice protein concentrate (Rutherfurd et al., 2015) .
The alkaloids, glycosides and carotenoids compositions of the leaves and stems of
Pandiaka heudelotii is presented in Table 6a . The leaves (3309.6 mg/kg dry weight) The leaves and stems of P. heudelotii had lower total alkaloids contents than the leaves of Tridax procumbens (Ikewuchi et al., 2015) . Amongst the alkaloids detected, triacetonamine (2,2,6,6-tetramethyl-4-keto piperidine), the most abundant, is known to be an anticonvulsive and antihypertensive compound (Navajas et al., 1994) . Quinine, another alkaloids detected in the leaves and stems, has been reported to have analgesic, antiarrhythmic, anti-inflammatory, antimalarial, antioxidant, antipyretic and bacteriostatic activities (Krishnaveni et al., 2015) .
As shown in Table 6a , the total glycosides' contents of the leaves and stems of Pandiaka heudelotii were 1196.0 mg/kg dw and 860.6 mg/kg dw, respectively. Thirteen known glycosides were detected including nicotiflorin (53.45% in leaves; 55.35% in stems), clitorin (21.06% in leaves; 19.49% in stems), mauritianin (15.88% in leaves; 16.82% in stems) and amygdalin (9.60% in leaves; 8.34% in stems). The remaining <0.01% consisted of prunasin, indican, ouabain, linamarin, digoxin, lotaustralin, digitoxin, dhurrin and digitalis.
The most abundant glycosides detected were nicotiflorin, clitorin, mauritianin and amygdalin. The pharmacological properties of nicotiflorin as reported in biochemical literature include analgesic, anthelminthic, anti-anaphylactic, antibacterial, antifungal, antihypertensive and neuroprotective activities (Li et al., 2006; Kumar, 2016) . Clitorin has been reported to have antibacterial and antifungal activities (Kumar, 2016) ; while anti-carcinogenic, antifungal and gastroprotective activities have been reported for mauritianin (Leite et al., 2010; Kumar, 2016) . Studies have reported that amygdalin has analgesic, anti-asthmatic, anti-atherogenic, anti-fibrotic, anti-hyperglycaemic, anti-inflammatory, antitumor, antitussive, antiulcer, bronchioprotective, gastroprotective and immune regulatory effects (Song and Xu, 2014) . The leaves and stems had high contents of total carotenoids' (708.3 mg/kg dw in leaves; 519.4 mg/kg dw in stems) ( 0.97% in stems). The remainder (<0.1%) consisted of beta-cryptoxanthin, malvidin and lycopene.
The leaves and stems of P. heudelotii had higher carotene and lutein than cabbage (U.S. Department of Agriculture, 2016a), green lettuce (U.S. Department of Agriculture, 2016b) and red lettuce (U.S. Department of Agriculture, 2016c) and leaves of T. procumbens (Ikewuchi et al., 2015) . They had higher neoxanthin, viola-xanthin and anthera-xanthin than the leaves of T. procumbens (Ikewuchi et al., 2015) . They also had higher lycopene than cabbage (U.S. Department of Agriculture, 2016a), green lettuce (U.S. Department of Agriculture, 2016b) and red lettuce (U.S. Department of Agriculture, 2016c). Carotenes and lutein has anticancer activities (Dillard and German, 2000) ; while carotenes, in addition, have antioxidant and pro-vitamin A activities (Dillard and German, 2000) .
The leaves and stems had high contents of total saponins' (579.5 mg/kg dw in leaves; 306.7 mg/kg dw in stems) (Table 6b ). Seven known saponins were detected, including liquiritin (57.54% in leaves; 62.34% in stems), liquritigenin (37.21% in leaves; 33.72% in stems), isoliquiritigenin (5.25% in leaves; 3.94% in stems); with avenacin-A2, avenacin-B2, avenacin-A1 and avenacin-B1 making up less than 0.01%. Studies have shown that liquiritin, isoliquiritin and isoliquirigenin have anticancer effects, individually and in a combination of the three of them (Zhou and Ho, 2014) . Isoliquiritin has anti-allergic, anti-depressive, antifungal and antiinflammatory effects (Hong et al., 2017) . Liquiritin has anti-cerebral ischemic, anti-depressive, anti-endothelial dysfunction, anti-melasma, anti-myocardial fibrotic, anti-Parkinsonian, bronchial-protective, cognition enhancing and neuroprotective effects (Hong et al., 2017) .
The leaves and stems had moderate total phytosterols' (105.6 mg/kg dw in leaves and 88.1 mg/kg dw in stems) and low total allicins' (32.8 mg/kg dw in leaves and 27.8 mg/kg dw in stems) contents (Table 6b ). Seven known phytosterols were detected consisting of sitosterol (85.03% in leaves and 82.84% in stems), stigmasterol (7.68% in leaves and 8.73% in stems), campesterol (6.19% in leaves and 7.17% in stems), 5-avenasterol (1.09% in leaves and 1.25% in stems); while the remainder (<0.01%) consisted of cholestanol, cholesterol and ergosterol. Three known allicins were detected, namely diallyl thiosulphinate (71.10% in leaves and 83.85% in stems), methyl allyl thiosulphinate (28.80% in leaves and 16.10% in stems) and allyl methyl thiosulphinate (0.11% in leaves and 0.04% in stems).
The leaves and stems of P. heudelotii had lower total phytosterol contents than cabbage (Piironen et al., 2003 ; U.S. Department of Agriculture, 2016a) and lettuce (Piironen et al., 2003) . They had lower sitosterol than cabbage, but higher contents than lettuce (Piironen et al., 2003) and the leaves of T. procumbens (Ikewuchi et al., 2015) . They also had lower stigmasterol than cabbage, lettuce (Piironen et al., 2003) and the leaves of T. procumbens (Ikewuchi et al., 2015) . They had lower campesterol than cabbage and lettuce (Piironen et al., 2003) . Their avenasterol contents were lower than that of lettuce (Piironen et al., 2003) .
Studies have shown that beta-sitosterol possesses analgesic, angiogenic, anthelmintic, anti-arthritic, anti-atherosclerotic, anti-diabetic, anticancer, antihyperlipidaemic, anti-inflammatory, antimicrobial, anti-nociceptive, antioxidant, 
